Objectives-To identify patients with discrepantly high clinic blood glucose concentrations compared with self reported values and to assess whether such patients have errors in selfmonitoring technique. To determine whether, in patients with good technique, the discrepancy is a transient phenomenon related to clinic attendance.
Age (years) 68 68 68 (7 1) 65 Duration of diabetes (years) 8 tThe 34 subjects were drawn from the 412 clinic patients.
monitoring their own glucose concentrations.2 In our experience elderly patients with diabetes can be taught monitoring; routine checking of technique within two weeks has shown performance comparable with that in younger patients.
In the outpatient clinic doctors use the patient's clinic blood glucose concentration and the self recorded log book to assess recent glycaemic control. It is not uncommon to find that the patient's clinic blood glucose concentration is high compared with the self reported levels. Patients often ascribe this to the stresses of attending clinic such as transport, parking, erratic eating, waiting, and fear of the clinic procedures (or staff). This is analogous to the phenomenon of "white coat hypertension,"3 in which blood pressure is higher in the clinic than at home. In some patients the glucose discrepancy is large enough to warrant a change of treatment if the clinic test were the true reflection of glycaemic control. This presents the clinician with a management dilemma. A large discrepancy which is present at consecutive clinic visits suggests either inaccurate self monitoring or transient hyperglycaemia at clinic which is unrepresentative of usual glycaemic control. Although indices of long term control are also measured, such as glycated haemoglobin or serum fructosamine concentration (a measure of the glycation of albumin), the results are not generally available while the patient is at the clinic. Uncertainty about a patient's current glycaemic control can lead doctors to adjust treatment inappropriately. Some clarification of the likely causes of the discrepancy would be beneficial in managing such patients.
In this study we set out, firstly, to identify those patients with a repeated and large glycaemic discrepancy; secondly, to determine whether such discrepancy was related to errors in self monitoring technique; and, thirdly, if there was no technique error to examine if the discrepancy was due to transient hyperglycaemia related to clinic attendance.
Subjects and methods

SUBJECTS
Participants were recruited over six months from patients attending the weekly outpatient diabetes clinic of our hospital, an inner city teaching hospital. Of the 412 patients with non-insulin dependent diabetes mellitus who attended the clinic during this period, 283 were monitoring their blood glucose concentration at home. Irrespective of treatment, these patients were eligible for the study if, at two consecutive clinic visits, the clinic venous blood glucose concentration exceeded the mean of the previous month's self monitoring results by more than 5 mmolIl. Patients with noninsulin dependent diabetes were studied as such patients are less likely to show random fluctuations in blood glucose concentration than those with insulin dependent diabetes4 and thus blood glucose profiles are more reproducible on a day to day basis.
The 34 consecutive patients satisfying these criteria all consented to take part in the study, which was approved by the hospital research and ethics committee. Table I shows their clinical characteristics and BMJ VOLUME 305 14 NOVEMBER 1992measures of glycaemic control. Data from the total non-insulin dependent diabetic population attending during the six months are also included to illustrate the nature of the clinic population. Our diabetes clinic is a referral clinic with an active policy of giving insulin to patients in whom tablets have failed, even if elderly: 125 of the 412 (30%/o) non-insulin dependent patients attending the clinic were receiving insulin. The 34 patients with a glycaemic discrepancy had more severe diabetes: 21 were receiving insulin, the remainder oral treatment. Twenty nine had been taught monitoring at our diabetes centre. Fifteen patients had been monitoring for over three years, eight for one to three years, and the remainder for less than a year. Seventeen assessed glucose test strips only visually; the remainder used reflectance meters to read the strips.
METHODS
The figure shows the flow plan of the study. 
Results
Thirty four patients were eligible for the study because they had a large and repeated discrepancy between self monitoring and clinic blood glucose measurements. The mean (SD) clinic venous blood glucose concentration was 17-7 (2 5) mmolAl with a discrepancy of 8-6 (1-8) mmol/l (table I). The educator found that 15 patients (error group) had easily detected errors in monitoring technique that were of a type and sufficient severity to account for the glycaemic discrepancy. Table II records the frequency of the main errors. Visual assessment of test strips was more common in the error group than the non-error group (11/15 v 6/19; p=0037, Fisher's exact test). Twelve of the 15 patients in the error group had a physical or cognitive disability compared with five of 19 in the non-error group (p=0005, Fisher's exact test). Age, duration of diabetes, size of glycaemic discrepancy, treatment, and duration of self monitoring did not differ significantly in the two groups. Table III gives the data from the 19 patients (nonerror group) studied at home. The mean (SD) blood glucose concentrations in capillary and venous samples collected at home (10-2 (0 6) and 12-2 (1 1) mmol/l respectively) were significantly lower than the clinic venous blood glucose concentration (16-8 (1-6) mmol/l, p <0 0002). Blood samples from both the clinic and home visits were available for measurement of cortisol in 13 patients; the concentrations were not significantly different (mean (SE) difference 59 (34) nmol; table III). No serious emotional disorder was recorded in any of the patients' records in either group.
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The error group was significantly more hyperglycaemic than the non-error group according to several measures (table I). Self monitoring and clinic blood BMJ VOLUME 305
14 NOVEMBER 1992glucose concentrations were both slightly (about 2 mmolIA) higher, whereas the serum fructosamine concentration was substantially higher in the error group than the non-error group (2-4 (0 4) v 1-8 (0 4) mmol/l; p<0 0001). In the error group the raised serum fructosamine concentration (an index of overall glycaemic control) was consistent with the raised clinic blood glucose concentration (18-9 (2 9) mmol/l) but incompatible with the mild hyperglycaemia suggested by self monitoring (10 1 (2 0) mmolIl). By contrast, in patients in the non-error group, in whom raised clinic blood glucose concentrations (16-8 (1 -6) mmolIl) could not be replicated at home, the serum fructosamine concentration was at the upper limit of the nondiabetic reference range (< 1-8 mmolIl), consistent with the self monitoring data (8-4 (1 5) mmol/l). Discussion Doctors managing diabetes commonly face a therapeutic dilemma when a patient's blood glucose concentration at clinic is repeatedly much higher than that recorded by the patient at home. We studied this problem in non-insulin dependent diabetic patients attending our teaching hospital diabetes clinic. Almost half of the patients had significant errors in their monitoring technique despite adequate instruction and retesting. Neither age nor duration of diabetes distinguished this group from those who had correct technique. However, in the error group there was a higher prevalence of physical and cognitive defects that were thought to be sufficient to cause errors in technique. This raises the question, were such problems present when the technique was first taught or did they develop subsequently, an issue which was not addressed in our study. More detailed assessment of the patients' abilities before teaching self monitoring might have prevented some of the errors in technique that we detected. Though visual interpretation of the testing strips was a source of error in patients not using a meter, four patients using a reflectance meter also made errors.
Nineteen (56%) patients had no demonstrable error in monitoring technique to account for the glycaemic discrepancy. In these patients, glucose concentrations in both venous and finger prick capillary blood samples were significantly lower than at the clinic visit. This suggests that some aspect(s) of the clinic visit accounted for the atypically high blood glucose concentrations and is analogous to "white-coat hypertension."3 Interestingly, white coat hypertension is reported to be significantly more common in diabetic patients.8 Psychological stress raises blood glucose concentrations in patients with non-insulin dependent diabetes.9 Patients' records showed no evidence of any patient having a severe underlying emotional disorder. The stress of the venepuncture procedure itself was not the main cause of the discrepancy as the home venepuncture glucose estimation was substantially lower than that in the clinic. However, postprandial glucose concentrations should be lower in venous than capillary blood because glucose is extracted from the capillary bed by forearm muscles. We found that home venous blood glucose was slightly, but nonsignificantly, higher than the capillary concentration, which suggests that venepuncture may produce a small glycaemic effect. The overall contribution of stress to the glycaemic discrepancy requires further study.
Our results indicate that retesting of self monitoring technique and measurement of glycated proteins will help assess the cause(s) of discrepancies between clinic and self recorded blood glucose concentrations. Measurement of glycated proteins will provide an objective index of overall glycaemic control. A value consistent with self monitoring data would imply clinic related transient hyperglycaemia, whereas a value consistent with the raised clinic blood glucose concentration would suggest incorrect self monitoring values. Though our results suggest that the inaccurate self recorded values are usually due to errors in technique, occasionally patients may falsify data. We have found, however, that such falsification is uncommon in patients with non-insulin dependent diabetes.'0 Unfortunately, such therapeutic decision making in diabetes clinics is usually hindered by unavailability of the glycated protein concentration at the time of the clinic visit. A rapid-assay system for measuring glycated proteins needs to be developed.
As a result of this study we have altered some aspects of our diabetes management. Patients are now assessed more carefully before instruction in self monitoring. For patients with cognitive defects or physical disability that can make monitoring inaccurate another person, such as a family member or district nurse, is asked to assist with or perform the tests. Monitoring technique is retested at regular intervals (every one to two years) as a routine, with retraining or transfer of the task when necessary.
